Abstract. The present study investigated the correlation and significance of HOX transcript antisense RNA (HOTAIR) and epithelial-mesenchymal transition (EMT)-related factors in the occurrence and metastasis of esophageal squamous cell cancer (ESCC) progression. The mRNA and protein expression levels of HOTAIR and EMT-related factors were detected in 96 ESCC and para-carcinoma tissues using reverse transcription-quantitative polymerase chain reaction and western blot analysis. The expression levels of these factors, and the correlation between these factors and clinicopathological characteristics were subsequently analyzed. HOTAIR mRNA expression levels were significantly higher in ESCC compared with in para-carcinoma tissues, and HOTAIR mRNA expression levels were significantly higher in the groups with lymph node involvement or organ metastasis compared with the group without. Furthermore, HOTAIR expression levels demonstrated a significant increasing trend from well-differentiated cancer to poorly differentiated cancer. The mRNA and protein expression levels of zinc finger protein SNAI1 (Snail) and β-catenin in ESCC were significantly higher compared with para-carcinoma tissues, whereas E-cadherin mRNA and protein expression levels were lower in ESCC tissues compared with in para-carcinoma tissues. Snail mRNA and protein expression levels were also significantly higher in groups with lymph node involvement or organ metastasis compared with those without, and β-catenin protein expression levels were significantly higher in the groups with lymph node involvement or organ metastasis compared with the group without. In the 96 ESCC tissues, HOTAIR mRNA expression levels were positively correlated with Snail mRNA and protein expression levels, and were negatively correlated with E-cadherin expression levels. HOTAIR mRNA expression levels were also positively correlated with β-catenin mRNA expression levels. In conclusion, HOTAIR may be involved in carcinogenesis and metastasis, and may induce the expression of EMT-related factors; detection of these factors may assist in early diagnosis and prognostic prediction.
Introduction
Esophageal cancer is a common malignant tumor of the digestive tract, with high morbidity and mortality rates of all cancers in China (1, 2) . The main pathological types of esophageal cancer are esophageal adenocarcinoma and esophageal squamous cell cancer (ESCC), which accounts for 90% of esophageal cancer cases in China (3) . The development of radical and synchronized radiotherapy and chemotherapy for the treatment of local advanced esophageal cancer has improved the survival rate; however, the rate of local recurrence and distant metastasis remains high (4) . Chemo-radiotherapy resistance is considered the most important reason for local tumor recurrence and metastasis (5) . Therefore, the identification of clinically applicable biomarkers for early evaluation of ESCC prognosis is important.
Long non-coding RNA (lncRNAs) are non-protein coding RNAs >200 nucleotides long, which regulate gene expression epigenetically, transcriptionally and post-transcriptionally. Previous studies have suggested that lncRNAs associated with chromatin-modifying complexes may affect epigenetic information and confer numerous properties required for tumor progression and metastasis (6) (7) (8) .
HOX transcript antisense RNA (HOTAIR) is one of the few well-documented lncRNAs. It consists of 2,158 bp and is located on chromosome 12 within the homeobox C gene cluster (9) . HOTAIR has been demonstrated to be highly expressed in primary and metastatic breast cancer, thus suggesting its involvement in the occurrence, invasion and distant metastasis of the tumor. In vitro studies have demonstrated that HOTAIR interacts with numerous chromatin-modifying enzymes to regulate target gene expression (10) (11) (12) . HOTAIR acts as a bridge to coordinate the targeting of polycomb repressive complex 2 (PRC2), a histone H3 lysine 27 (H3K27)-specific methyltransferase complex, and lysine specific histone demethylase (LSD1)/(CoREST/REST complex) to chromatin for coupled histone H3K27 methylation and H3 lysine 4 demethylation, which is epigenetically involved in the silencing of genes in the HOXD cluster and several other target genes to promote tumor development and metastasis (13) .
It has previously been confirmed that HOTAIR regulates metastasis of hepatocellular carcinoma, suggesting that it may be considered a useful target to reduce tumor recurrence (14) . HOTAIR has the potential to predict tumor recurrence following liver transplantation, demonstrating its value as a prognostic indicator (14) . The upregulation of HOTAIR is also associated with the malignant degree of colorectalcancer (15, 16) , gastrointestinal stromal tumors (17) , lung cancer (18) , pancreatic cancer (19) , nasopharyngeal carcinoma (20) , laryngeal carcinoma (21) and ovarian cancer (22) . In these cancers, HOTAIR is expressed at higher levels in the presence of lymph node involvement or organ metastasis, and higher levels correlate with a poorer prognosis and higher mortality. However, the mechanisms underlying the participation of HOTAIR in tumor occurrence, invasion and metastasis remain unclear.
The epithelial-mesenchymal transition (EMT) has been identified as one of the key mechanisms underlying ESCC tumor invasion and metastasis, and has been clinically associated with poor prognosis (23) . EMT is characterized by a loss of epithelial characteristics and an acquisition of a mesenchymal state that reduces cell adhesion and enables ESCC tumor cells to dissociate from the epithelial tissue and migrate more effectively (24) .
Notably, previous studies have reported that HOTAIR induces zinc finger protein SNAI1 (Snail), E-cadherin, matrix metalloproteinases (MMPs) and other EMT-related factors in breast (25) , colorectal (16) and lung cancers (18) . EMT-related factors are important in the development and metastasis of various types of cancer. In the present study, HOTAIR mRNA expression, and EMT-related mRNA and protein (Snail, β-catenin, E-cadherin) expression, was detected in ESCC and para-carcinoma tissues using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blot analysis. The correlation between these factors and the clinicopathological characteristics of patients with ESCC was also explored.
Materials and methods
Ethics. The present study was approved by the Ethics Committee of the Tumor Hospital of Xinjiang Medical University (Urumqi, China) and was performed in accordance with the Declaration of Helsinki of the World Medical Association. All patients provided written informed consent. RT-qPCR. Total RNA from homogenized cancerous and para-carcinoma specimens was extracted using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. cDNA was obtained by reverse transcribing total RNA using a TaqMan Reverse Transcription kit (Takara Bio, Inc., Dalian, China). The reaction system included 2 µl 5X PrimeScript Buffer, 0.5 µl PrimeScript RT Enzyme Mix I, 0.5 µl oligo (dT) Primer (50 µM), 0.5 µl, Random 6 mers (100 µM), 500 ng Total RNA and RNase free dH 2 O to reach a final volume of 10 µl. It was then reacted at 37˚C for 15 min, 85˚C for 5 sec, and 4˚C for preservation. RT-qPCR analyses were conducted using the Power SYBR-Green kit (Takara Bio, Inc.), according to the manufacturer's protocol. All RT-qPCR assays were performed on an ABI 7500 Fast Real-Time PCR system (Applied Biosystems, Thermo Fisher Scientific, Inc.). The total volume of the reaction mixture was 20 µl (2 µl reverse transcriptase, 0.8 µl each forward and reverse template RNA primers, 6.4 µl sterilized diethylpyrocarbonate water, and 10 µl SYBR Select Master mix). The initialization step (uracil-DNA glycosylation activation step) was set at 50˚C for 2 min, followed by the AmpliTaq DNA polymerase ultrapure activation step at 95˚C for 2 min. The denaturation temperature was 95˚C, held for 15 sec, and annealing of primers for E-cadherin, Snai1, and β-catenin was carried out at 55˚C for 15 sec. Extension was carried out at 72˚C for 1 min. The annealing/extension steps for HOTAIR were carried out at 60˚C for 1 min. The final three steps were run for 40 cycles. Expression levels of HOTAIR, Snai1, E-cadherin, and β-catenin were normalized to those of β-actin.
The mRNA expression levels of HOTAIR and EMT-related factors were determined by RT-qPCR using the following primer sequences: HOTAIR forward, 5'-GCC TTT CCC TGC TAC TTG TG-3', reverse, 5'GGC TGG ACC TTT GCT TCT ATG-3'; Snail forward, 5'-TGA CCT GTC TGC AAA TGC TC-3', reverse, 5'-CAG ACC CTG GTT GCT TCA A-3'; E-cadherin forward, 5'-AGC GTG TGT GAC TGT GAA GG-3', reverse, 5'-GCT GGC TCA AGT CAA AGT CC-3'; and β-catenin forward, 5'-CCC ACT AAT GTC CAG CGT TT-3' and reverse, 5'-TGT CAG TTC AGG GAT TGC AC-3'. β-actin was used as an internal control, and the primer sequences were as follows: Forward, 5'-CAT CAT GAA GTG TGA CGT GGA-3' and reverse, 5'-ACA TCT GCT GGA AGG TGG AC-3'. All RT-qPCR assays were performed on an ABI 7500 Fast Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). HOTAIR, Snail, E-cadherin, and β-catenin values were normalized to those of β-actin, and their relative fold-changes in mRNA expression were calculated using the 2 -ΔΔCq method (27) .
Western blot analysis. All homogenized tissues were lysed using the mammalian protein extraction reagent radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology, Haimen, China) supplemented with phenylmethylsulfonyl fluoride (Roche Molecular Diagnostics, Pleasanton, CA, USA). Extracted proteins (~30 µg) were separated by 8% SDS-PAGE, transferred to 0.45 µm polyvinylidene fluoride (PVDF) membranes (Merck Millipore, Darmstadt, Germany), and incubated with the indicated primary and secondary antibodies. The PVDF membrane was blocked with 1X TBST (Beijing Solarbio Science & Technology Co., Ltd.) with 5% milk for 2 h, before being washed twice with TBST buffer. Primary antibodies (1:1,500) were incubated with the membrane at 4˚C overnight. The PVDF membrane was washed 3 times for 10 min each, and incubated with secondary antibody (1:5,000) at room temperature for 1 h. Following this, the membrane was washed for 3 times again with TBST. Signals were detectedusing an enhanced chemiluminescence detection system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). β-actin (cat. no. sc-47778) was used as an internal control. Rabbit-derived Snail (cat. no. sc-28199), E-cadherin (cat. no. sc-7870) and β-catenin primary antibodies (cat. no. sc-7199) were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The secondary antibody, horseradish peroxidase-labeled goat anti-rabbit immunoglobulin G, was purchased from Beijing Zhongshan Golden Bridge Biotechnology; OriGene Technologies, Inc. (cat. no. ZB-2301; Rockville, MD, USA).
Statistical analysis. All data were presented as M(P25, P75) and were analyzed using SPSS17.0 software (SPSS, Inc., Chicago, IL, USA). Rank-sum tests and Kruskal-Wallis tests were used to analyze clinicopathological parameter differences between groups. Spearman's rank correlation analysis was used to analyze the relationship between HOTAIR and EMT-related factors. P<0.05 was considered to indicate a statistically significant difference.
Results

HOTAIR mRNA expression levels in ESCC and para-carcinoma tissues.
The mRNA expression levels of HOTAIR were significantly higher in ESCC tissues compared within para-carcinoma tissues (P<0.0001; Fig. 1A ; Table I ). HOTAIR mRNA expression levels in the groups with lymph node involvement or organ metastasis were significantly higher compared within the group without lymph node involvement or organ metastasis (P<0.0001 and P= 0.0003, respectively; Table II) . HOTAIR mRNA expression levels demonstrated a significantly increasing trend from well-differentiated cancer through moderately-differentiated cancer to poorly differentiated cancer, and a more advanced TNM stage was significantly rank correlated with increased HOTAIR mRNA expression levels (P<0.0001; Table II ). There was no significant correlation between HOTAIR mRNA expression levels and the tumor location, tumor invasion depth, or the age, ethnicity or gender of the patients (Table II) .
mRNA and protein expression levels of EMT-related factors (Snail, E-cadherin, β-catenin) in ESCC and para-carcinoma tissues. The mRNA expression levels of EMT-related factors are presented in Fig. 1B-D . The relative mRNA expression levels of Snail and β-catenin in ESCC were significantly higher compared with in para-carcinoma tissues (P<0.0001 and P= 0.0109, respectively; Fig. 1B and C ; Table I ). In addition, Snail and β-catenin protein expression levels were significantly increased in ESCC compared with in para-carcinoma tissues (P<0.0001 and P<0.0001, respectively; Fig. 2 ; Table III ). Conversely, E-cadherin mRNA expression level was significantly decreased in ESCC compared with para-carcinoma tissues (P<0.0001; Fig. 1D ; Table I ), and the E-cadherin protein expression level was also significantly decreased in ESCC compared with para-carcinoma tissues (P=0.0006; Fig. 2 ; Table III) .
The mRNA and protein expression levels of Snail in the groups with lymph node involvement or organ metastasis were significantly increased compared with the group without lymph node involvement or organ metastasis (mRNA, P<0.001; protein, P= 0.0005; Table IV) or organ metastasis (mRNA, P<0.001; protein, P=0.0035; Table IV ). Snail expression demonstrated an increasing trend from well-differentiated through moderately-differentiated to poorly differentiated cancer (P mRNA =0.0007, P protein <0.001; Table IV) , and a more advanced TNM stage was significantly correlated with increased Snail expression (P mRNA <0.0001, P protein <0.0001; Table IV) E-cadherin mRNA and protein expression levels were significantly decreased in the group with lymph node involvement (mRNA, P<0.001; protein, P= 0.0016; Table IV) and organ metastasis (mRNA, P<0.001; protein, P= 0.0140; Table IV) compared with the group without lymph node involvement or organ metastasis. The expression of E-cadherin demonstrated a significant decreasing trend from well-differentiated cancer through moderately-differentiated cancer to poorly differentiated cancer with significant rank correlation (P mRNA =0.0007, P protein = 0.0220; Table IV ). In addition, a more advanced TNM stage was significantly rank correlated with decreased E-cadherin expression (P mRNA = 0.0002, P protein <0.0001; Table IV) .
β-catenin mRNA and protein expression levels demonstrated a significantly increasing trend from well-differentiated cancer through moderately-differentiated cancer to poorly-differentiated cancer, and had a significant rank correlation (P mRNA = 0.0019, P protein <0.0049; Table IV) . A more advanced TNM stage was significantly rank correlated with increased β-catenin mRNA and protein expression (P mRNA = 0.0306, P protein =0.0003; Table IV ). β-catenin protein expression was significantly increased in the groups with lymph node involvement (P protein =0.0003; Table IV ) and organ metastasis (P protein = 0.0099; Table IV), compared with the group with no lymph node or organ involvement. However, there was no significant correlation between β-catenin mRNA expression and lymph node or organ metastasis in the 96 esophageal cancer tissues (P>0.05; Table IV) There was no significant correlation between Snail, E-cadherin, or β-catenin expression and tumor location, invasion depth, or the age, ethnicity or gender of patients (Table IV) .
Correlation between the expression levels of HOTAI RmRNA and EMT-related factors in ESCC.
In the 96 ESCC tissues, HOTAIR mRNA expression levels were positively correlated with Snail and β-catenin mRNA expression levels (r s = 0.4173 and 0.3049, respectively, P<0.0001 and P=0.0025, respectively; Fig. 3 ). HOTAIR and E-cadherin mRNA expression levels were negatively correlated (r s =-0.3270, P=0.0011; Fig. 3 ).
HOTAIR expression was subsequently divided into a high level group and low level group, according to its mean expression level (17.58). In the HOTAIR high expression group, Snail protein expression was significantly higher compared with the low expression group (P=0.0008; Fig. 4A ; Table V) , whereas E-cadherin protein expression levels were significantly lower in the HOTAIR high expression group compared with the HOTAIR low expression group (P=0.0381; Fig. 4B ; Table V) . There was no relationship between HOTAIR mRNA expression levels and β-catenin protein expression levels (P>0.05; Fig. 4C ; Table V) .
Discussion
Cancer has traditionally been regarded as a genetic disease; however, but previous research has revealed that cancer development and progression are also associated with epigenetic abnormalities (28) . Genetic continuity requires epigenetic regulation, including DNA methylation, histone deacetylation, chromatin remodeling, gene imprinting and noncoding RNA (ncRNA) regulation (29, 30) . MicroRNAs and lncRNAs >200 nucleotides in length serve as the primary regulatory ncRNAs. Although microRNAs have been comprehensively studied in several types ofcancer, they have also been identified for potential use in esophageal cancer, and for early clinical diagnosis, prognosis, and gene therapy (31) . Emerging evidence has indicated that lncRNAs possess more complicated and extensive regulatory functions than microRNAs in cancer development and progression (32) (33) (34) (35) (36) .
HOTAIR, which is one of the few well-documented lncRNAs, is highly expressed in breast, hepatic, pancreatic, lung, and colorectal cancers. Increased HOTAIR expression is correlated with enhanced cancer metastasis. Conversely, HOTAIR knockdown may inhibit cell invasion and proliferation, alter progression of the cell cycle, induce apoptosis, and increase sensitivity to radiochemotherapy, indicating that HOTAIR is involved in the modulation of cancer progression (9, 14, 15, 19, 25, 37, 38) . In the present study, HOTAIR mRNA expression levels were investigated in 96 ESCC and para-carcinoma tissues, and HOTAIR expression levels were significantly higher in ESCC compared within para-carcinoma tissues. HOTAIR expression levels in the groups with lymph node or organ metastasis were significantly higher than in the group without metastasis. HOTAIR also demonstrated a significant increasing trend from well-differentiated cancer through moderately-differentiated cancer to poorly differentiated cancer, and the more advanced TNM stage was also significantly rank correlated with increased HOTAIR expression. Based on these results, upregulated HOTAIR mRNA expression appears to be heterogeneous among patients and is associated with various clinicopathological factors, including lymph node/organ metastasis, cancer differentiation and TNM stage. HOTAIR may participate in ESCC occurrence, differentiation and metastasis, and it may be a useful early diagnostic and prognostic marker. EMT is involved in cancer development and metastasis, and this process is characterized by the loss of epithelial markers, including E-cadherin, and the gain of mesenchymal markers, including Snail and β-catenin. β-catenin is also a vital component of the Wnt signaling pathway.
Snail, which is a critical mesenchymal transcription factor, is highly expressed and closely correlated with poor tumor differentiation, metastasis, radiochemotherapy resistance, and short survival in lung (39), breast (40) and colon tumors (41) . The injection of Snail into a pancreatic tumor mouse model significantly promoted metastasis in vivo (42) . Inhibition of Snail expression also reduces the metastatic ability of ovarian carcinoma cells in vitro (43) . Snail expression demonstrated a gradual increasing trend from well-differentiated cancer through moderated-differentiated to poorly-differentiated cancer, and a more advanced TNM stage was associated with increased Snail expression with a significant rank correlation, indicating that Snail may be involved in ESCC incidence, development and lymph node/organ metastasis. Therefore, Snail may also be considered a useful prognostic and predictive indicator for ESCC.
E-cadherin, which is expressed in epithelial cells, is thought to be a metastatic suppressor during tumor progression. E-cadherin mediates homotypic cell adhesion and maintains normal morphology, epithelial cell polarity, and tissue structural integrity by binding to cytosolic β-catenin, which is required for EMT, to form the E-cadherin/β-catenin complex. The destruction of the E-cadherin/β-catenin complex is closely correlated with the recurrence and metastasis of colon (44, 45) , lung (46) and bladder cancers (47) .
If the structure or function of β-catenin is abnormal, E-cadherin expression is lost, or the E-cadherin/β-catenin complex is broken, tumor cells may become metastatic through reduced intracellular adherence and stimulated cell proliferation. This is often observed in breast, lung, gastrointestinal and other cancers (48-51). Zhao et al (52) demonstrated that the loss of E-cadherin and nuclear accumulation of β-catenin were correlated with poor prognosis for patients with head and neck squamous cell carcinoma.
The present study demonstrated that the E-cadherin mRNA and protein expression levels were significantly lower in ESCC compared with para-carcinoma tissues, whereas β-catenin mRNA and protein expression levels were significantly higher in ESCC compared with para-carcinoma tissues. Combined with previous reports, this indicates that E-cadherin and β-catenin are important to tumor development and metastasis. The present investigation indicated that E-cadherin and β-catenin may participate in the incidence, differentiation, Table IV. The relationship between mRNA and protein expression levels of epithelial mesenchymal transition-relatedfactors and clinicopathological factors of patients with esophageal squamous cell carcinoma.
Snail expression invasion and metastasis of ESCC. These factors may therefore be useful for the early diagnosis and prognosis of ESCC. Ge et al (53) revealed that high expression of HOTAIR activates the Wnt pathway by inhibiting Wnt inhibitory factor 1 expression, which leads to the accumulation of cytosolic β-catenin. This translocates to the nucleus to promote the expression of Snail, MMP13A, and other EMT-related factors. Although direct evidence is lacking, the involvement of HOTAIR in the regulation of EMT has been hypothesized. In addition to previous data demonstrating that HOTAIR affects β-catenin (53) , other investigations have demonstrated that HOTAIR induces the expression of Snail (19, 25) . Kogo et al (15) used gene set enrichment analysis and demonstrated that HOTAIR overexpression in colorectal cancer maybe associated with the multipotent differentiation of colorectal cancer cells. Gene pathway analysis also indicated that HOTAIR-regulated gene sets included E-cadherin, which was lost in tissues with elevated HOTAIR expression. Xu et al (54) demonstrated that HOTAIR knockdown reversed EMT progression, leading to the upregulation of E-cadherin and the downregulation of N-cadherin, the marker of the mesenchymal phenotype. Gastric cancer invasiveness, suppressed by HOTAIR knockdown, was also restored by exogenous Snail.
However, the relationship between HOTAIR and EMT-related factors in ESCC tissues remains unclear. The present study demonstrated that HOTAIR expression levels were positively correlated with Snail and β-catenin protein expression levels, whereas it was negatively correlated with E-cadherin protein expression levels.
Combined with these other results, HOTAIR appears to participate in tumor invasion and metastasis by directly or indirectly affecting the expression of EMT-related factors. Therefore, HOTAIR expression may be used as a specific indicator of tumor metastasis and prognosis and assist in therapeutic planning.
In conclusion, HOTAIR, together with EMT-related factors, may be a specific indicator for the occurrence, metastasis and prognosis of ESCC. The results of the present study supported the use of HOTAIR as a potential novel tumor molecular marker for use in future therapies. However, there are some limitations to the present study, including a small sample size. The specific mechanisms underlying how HOTAIR regulates EMT-related factors in ESCC require further investigation in future studies. 
